Male and female subjects (undergraduate students) participated in two studies designed to investigate the impact of negative air ions on cognitive performance. In the first experiment, they worked on three different tasks (proofreading, memory span, word finding) in the presence of low, moderate, or high concentrations of such ions. Results indicated that among men, performance on two of these tasks (proofreading and memory span) was enhanced by moderate but not by high concentrations of ions. In the second experiment, undertaken to extend the generality of these initial results, male and female subjects performed two additional tasks (letter copying, decision making) in the presence of low, moderate, or high concentrations of ions. Output on the letter copying task increased significantly as ion level rose among both sexes. With respect to decision making, the tendency of male (but not female) participants to select initially preferred alternatives was significantly enhanced by moderate concentrations of negative ions. Together, the findings of these studies suggest that negative air ions can indeed exert appreciable effects on cognitive performance. However, contrary to claims often associated with advertising for commercially produced ion generators, these effects are neither simple nor uniformly beneficial in nature.
A growing body of evidence suggests that several aspects of the physical environment can strongly affect performance on work-related tasks. For example, such factors as heat (Bell, 1978; Fine & Kobrick, 1978) , noise (Cohen, Evans, Krantz, Stokols, & Kelly, 1981) , air pollution (Evans & Jacobs, 1981) , and even chemicals present in drinking water (Rotton, Tikofsky, & Feldman, 1982) have all been found to exert such effects. The present experiment was designed to add to this growing body of knowledge by examining the potential impact of another environmental variable-one that has received far less attention in this regard: atmospheric electricity (as reflected in the number of positive and negative ions present in a given locale; Frey, 1961) .
At first glance, the investigation of such effects might seem to be of little practical value. In fact, however, there are several grounds for seeking such knowledge. First, several industrial settings expose employees to unusually high concentrations of positive or negative air ions. For example, the air surrounding high voltage wires often becomes unusually rich in negative ions. Similarly, certain types of electronic equipment can rapidly deplete the level of negative ions in their immediate vicinity This manuscript was prepared while the author was visiting professor of Management and Organization at the University of Washington.
The author wishes to express sincere thanks to Lisa Houk, Lisa Lutterbaugh, Joy Ross, and Tim Thurman for their able assistance in collection of the data, and to James Neely and Howard Weiss for their insightful comments on an earlier version of this article. Thanks are also due to David Myers for providing the choice-dilemma items, and to Gordon Russell and Robert Arms for providing the experimental apparatus.
Correspondence concerning this article should be addressed to Robert A. Baron, Department of Psychological Sciences, Purdue University, West Lafayette, Indiana 47907. (cf. Soyka, 1977) . Because employees are exposed to such conditions repeatedly and over extended periods of time, investigation of their potential impact on task performance seems justified. Second, advertising for commercially produced ion generators often claims that these devices exert uniformly positive effects on employees' moods, alertness, and overall efficiency. Given that thousands of such generators are sold each year, it seems important to obtain scientific evidence concerning their actual efficacy.
At present, two lines of evidence offer support for the view that atmospheric electricity can influence human behavior. The first of these involves epidemiological data. In several parts of the world, winds associated with an increase in the concentration of positive air ions blow at various times during the year (e.g., the Santa Ana in California, the foehn in Europe). During such periods, industrial accidents, suicides, and even some types of crime increase in frequency (Muecher & Ungeheuer, 1961; Sulman, Pfeifer, & Hirschman, 1964) . Although such findings are suggestive they are, of course, far from conclusive. The winds mentioned earlier are accompanied by other shifts in climatic factors (e.g., a slight rise in temperature, decreases in humidity). Thus, these factors, not shifts in ion concentration, may account for the effects just noted.
A second and perhaps more convincing source of evidence for the impact of ions on behavior is provided by the results of recent laboratory experiments on this topic (e.g., Baron, Russell,&Arms, 1985; Charry & Hawkinshire, 1981) . In contrast to earlier investigations that often suffered from serious procedural flaws (e.g., the absence of standardized methods for generating or measuring ions), this latter group of experiments has been conducted under more carefully controlled conditions. Yet, the findings obtained in these studies indicate that atmospheric electricity can indeed influence human behavior. Specifically, exposure to such ions has been found to affect mood 132 ROBERT A. BARON (Baron et al., 1985) , physiological arousal (Charry & Hawkinshire, 1981) , and even interpersonal aggression (Baron et al., 1985) .
The present studies were designed to extend these previous results by examining the impact of negative ions on the performance of several cognitive tasks (cf. Wofford, 1966) . In the past, such ions have generally been credited with exerting largely beneficial effects in this regard . However, recent investigations (Baron et al., 1985) indicate that the impact of such particles may be quite complex in nature. Thus, no firm predictions concerning their influence on performance of the tasks used were formulated. Rather, the present investigations were largely exploratory in nature and were conducted primarily to determine whether negative ions can in fact influence cognitive performance under carefully controlled conditions.
Study 1

Method
Subjects and Design
A total of 142 undergraduates (76 women, 56 men) participated in the study. Subjects took part in the investigation in order to satisfy a course requirement.
A 3 X 2 x 2 design based on three levels of negative ions (low, moderate, high), sex of subjects, and sex of experimenter was used. Subjects were randomly assigned to one of the three ion conditions, under the restriction that the proportion of men and women in each of these conditions be approximately constant,
Apparatus
The apparatus for generating negative ions was a Biotech Bionaire 1000 negative ion generator. A Biotech BT-400 Electroscope was used to measure ion levels throughout the project.
Procedure
When subjects reported to the laboratory, they were informed that the study was concerned with physiological reactions during problemsolving and related activities. They were then told that they would perform several different tasks and that as they did so, their physiological reactions would be recorded through an electrode attached to their legs. This electrode was then put in place just above the subject's ankle. In reality, it was used solely for the purpose of electrical grounding. Its presence was necessary for effective manipulation of the ion variable (cf. Charry & Hawkinshire, 1981) . As the electrode was attached, the experimenter remarked in a very casual manner, that the box in the comer (the ion generator) was an air filter. The experimenter explained that there was a lot of dust in the laboratory and that it interfered with the physiological recordings. Ostensibly, the air filter helped alleviate this problem.
Time-filler tasks. At this point, subjects performed two time-filler tasks, included in the study to insure that subjects were exposed to the appropriate level of negative ions for approximately 15 min prior to the first cognitive task. The first time filler consisted of an abbreviated form of the Jenkins Activity Survey (Jenkins, Zyzanski, &Rosenman, 1979) . The second time filler involved subjects' examination of 10 color pictures showing scenery and abstract art. It was explained to subjects that their physiological reactions to these stimuli would provide a baseline for further recordings. All of the pictures were neutral in content and had been used in previous research as a baseline control (e.g., Baron & Bell, 1977) .
Cognitivetasks. After the conclusion of the 15-min time-filler period, subjects performed three cognitive tasks, presented in totally counterbalanced order. One of these was a simple proofreading task. Subjects were given a typed passage and asked to circle every error that they noticed in spelling, typing, punctuation, or grammar. The passage contained many errors of each kind, and subjects worked on the task for 5 min. Dependent measures were the total number of lines they completed during this period and the percentage of the errors that they noticed in these lines.
Subjects also performed a verbal problem-solving task (the wordfinding task; Reitan, 1972) . In this task, they were presented with a series of sentences describing an object. In each case the name of the object was replaced by the nonsense word grobnick. Subjects' task was that of identifying the missing word as quickly as possible. For example, the correct solution to one item was the word cats. The first clue stated "Most grobnicks have long tails." The second noted that "Grobnicks of a certain breed have very short tails." The third clue stated that "Grobnicks can climb trees." A tola! of five clues were supplied for each item, and subjects were free to make as many guesses as they wished after each clue. Dependent measures of performance on this task were the mean number of guesses made by subjects per item and the mean number of clues they received prior to attaining the correct solution.
The third task was simply a measure of subjects' memory span for single digits. The experimenter began by reading lists of three digits and then proceeded, gradually and systematically, through lists of four, five, six, seven, eight, and nine digits. (There were four trials at each list length.) After each list, subjects attempted to repeat the numbers they had just heard. To be scored as correct they had to repeat every number on the list in the correct order. Memory span was defined as the number of digits subjects could recall perfectly 50% of the time.
Level and measurement of negative ions. The level of negative ions to which subjects were exposed was varied by means of the Bionaire 1000 ion generator. This equipment was placed on a table approximately 1 m from where the subject sat, with its air flow directed into their breathing space. As noted previously, the experimenter explained the presence of this device by remarking that it was an air filter, necessary for removing dust that interfered with the physiological recordings from the air. In the low (ambient) ions condition, only the fan on this apparatus was switched on. Thus, the level of negative ions present in the room remained at ambient levels (1.0-2.0 X 10 2 /cm 3 ). In the moderate ions condition, the ion-generating portion of the equipment was switched on and adjusted so that the ion level within subjects' breathing space was approximately 4.0 X 10 4 /cm 3 . Finally, in the high ions condition, the generator was adjusted so that the concentration of negative ions in subjects'breathing space was approximately 7.0-8.0 X 10*/cm 3 . Readings of ion concentration were taken before and after each session with a Biotech BT-400 Electroscope. These confirmed that three distinct and relatively constant levels of ions were produced throughout the project. /cm'. These readings were highly similar to those used in previous research; Baron et al., 1985) . In al! instances, ion level was set by an assistant. Thus, the experimenter was blind to ion level throughout the study. Another environmental factor, ambient temperature, known to exert significant effects on several aspects of behavior, was held constant at comfortable levels (approximately 20°-22° Celsius; Baron, 1978) throughout the investigation.
Results
Proofreading Task
Separate analyses of variance (ANOVAS) were performed on the two dependent measures of proofreading; the total number These main effects were qualified, however, by a significant interaction between sex of subject and ions, F(2, 108) = 4.30, p < .02. The means involved in this interaction are presented in Table 1 . As can be seen from this table, the interaction stemmed from the fact that ion concentration affected the performance of men, but exerted no appreciable effects on the performance of women. Specifically, men performed better in the moderate ions than in the low ions condition (p < .07), but worse in the high ions than in the moderate ions condition (p < .05). In contrast, the performance of women did not differ significantly across the three ion levels.
No effects of sex of experimenter and no interactions of this factor with other variables were observed for either dependent measure.
Word-Finding Task
An ANOVA performed on the mean number of guesses made by subjects per item yielded a significant main effect only for sex of subject P(l, 108) = 6.26, p< .01. This reflected the fact that men made more guesses (M = 2.26) than did women (M = 2.01). A similar analysis on the number of clues required by subjects prior to solution of each item yielded an identical pattern of findings. That is, only the main effect for sex of subject was significant, F( 1, 108) = 4.64, p < .04. This finding reflected the fact that men required slightly fewer clues (M =2.18) than did females (M = 2.44). It should also be noted that the small number of clues required by subjects in order to attain correct solutions to each item suggests the presence of a restrictive ceiling effect. Given these conditions, the absence of additional significant findings with respect to this task is not surprising.
Memory Span
An ANOVA conducted on the data for memory span yielded no significant effects. However, the interaction between sex of subject and ions closely approached significance, F(2, 108) = 2.82, p < .06. Given the exploratory nature of this initial study, it was deemed appropriate to examine this interaction more closely, despite the fact that it did not attain conventional levels of statistical significance.
The means involved in the interaction between ion level and sex of subject are shown in Table 2 . As can be seen from inspection of this table, the pattern of findings closely resembled that obtained with the proofreading task. Men performed slightly (but not significantly) better in the moderate ions than low ions condition. However, they performed significantly worse in the high ions than moderate ions condition (p < .05). In contrast, performance by women was not significantly affected by ion level. Again, no significant effects for sex of experimenter or interactions of this variable with other factors in the study, were obtained.
Discussion
The results of this initial study offer support for the view that negative ions can, in fact, influence performance on cognitive tasks. Among men, such effects were observed with respect to proofreading, and a trend in the same direction occurred for memory span. Contrary to many claims concerning the impact of such ions, however, these shifts in performance were not uniformly beneficial. On the contrary, although moderate concentrations of negative ions facilitated performance on a proofreading task, high levels of such particles failed to produce such effects. In fact, they reduced performance to a level significantly below that observed in the moderate ions condition. Similarly, although moderate levels of negative ions produced modest increments in memory span, higher concentrations of such particles again failed to yield similar benefits. Rather, they reduced performance significantly, relative to that observed in the moderate ions condition. In sum, moderate levels of negative ions enhanced task performance, whereas a further increase to high ion concentration reduced performance (although not significantly) below baseline (low ion) levels and significantly below that in the moderate ions condition. This pattern of outcomes is markedly different from that often described in mass media reports dealing with the impact of such ions.
Although the findings of this initial study are suggestive, they are certainly far from conclusive. Thus, a second investigation was performed to both extend and clarify these preliminary results. Specifically, this follow-up study was designed to accomplish three goals. First, it sought to determine whether the findings obtained in the first study could be replicated with additional tasks. For this purpose, one task more complex and one task simpler than those used in Study 1 were selected. Second, it sought to determine whether the sex difference uncovered in the initial investigation (the finding that men, but not women, were affected by ion level) would appear again with these different tasks. Finally, because the findings of previous studies suggest that negative ions may exert their influence through increments in subjects' level of arousal, this follow-up experiment included one physiological measure of arousal, resting heart rate (cf. Baron et al., 1985) .
Study 2
Method Subjects, Design, and Apparatus
A total of 72 undergraduates (36 men, 36 women) participated in the study. They participated in order to satisfy a course requirement. A randomized groups design based on three levels of ions (low, moderate, high) was used. Data from male and female subjects were gathered by different investigators. For this reason, data from the two sexes were treated as replications and analyzed separately. Apparatus was the same as that used in Study I.
Procedure
Procedures were identical to those of Study 1, with the following exceptions. First, resting heart rate was assessed at three points: on subjects' entry into the laboratory, after completion of the two time-filler tasks (10 min later), and again after completion of the. cognitive tasks described below.
Second, subjects performed two different tasks that were not used in Study 1. One of these involved decision making, and used choice dilemma items of the type included in many previous studies of both individual and group decision making (e.g., Lamm & Myers, 1978) .
Each of these items described a hypothetical situation in which an individual faced the task of choosing between a relatively risky but attractive course of action and a conservative but less attractive one. (Example: A man must decide whether to invest funds in a small company whose stock might rise sharply, or to leave this money in a safe but low-yielding insurance policy.) Subjects* task for each item was that of indicating the minimum probability of success they would require before recommending adoption of the risky alternative. Eight choice dilemma items were used, and these were carefully selected on the basis of previous research to be ones for which subjects' demonstrated clear initial preferences for either risk or caution. Thus, four of the items were ones for which most persons indicated an initial preference for risk (they would require a low probability of success before recommending this alternative), whereas four were items for which most persons indicated an initial preference for caution (they would require a high probability of success before recommending the riskier alternative). For each set of items, the dependent measure was the mean probability of success required by subjects. (The higher the value, the stronger was their preference for caution in their decisions.)
Subjects also performed a simple perceptual-motor task. This task required them to copy individual letters printed on a sheet of paper both upside down and backward in the spaces immediately below them. Subjects worked on this task for 3 min. Dependent measures were the number of letters they copied during this period and the number of errors made. As in Study 1, the two tasks used were presented in counterbalanced order.
Results
Letter Copying Task
Separate ANOVAS were performed on the number of letters copied by male and female subjects. Both of these analyses yielded significant main effects for ion condition, F[2, 27) = 3.83,8.88, p < .034, p < .001, respectively, for women and men.
The means associated with these effects are presented in Table   3 . As can be seen from this table, the number of letters copied by members of both sexes increased as ion level rose.
Corresponding ANOVAS were performed on the number of errors made by men and women in the copying task. These analyses yielded a significant main effect for ions only in the case of men, F(2, 27) = 3.62, p < .05. As shown in Table 4 
Decision-Making Task
That participants in the present study did in fact possess contrasting preferences with respect to the two sets of choice-di- To determine whether ion level affected subjects' decisions with respect to the choice-dilemma items, separate ANOVAS (for men and women) were performed on the data for the cautious and risky sets. No significant effects were obtained for women.
Table4
Mean Number of Errors as a Function of Sex of Subject and Ion Level
However, among men, the effect of ions attained significance for the caution-preferred items, F(2, 21) = 3.80, p < .05. The means associated with this effect are shown in Table 5 . As can be seen from this table, men reported the strongest preference for caution in the moderate ions condition. Thus, findings for this measure were similar to those obtained in Study 1 for both proofreading and memory span.
Resting Heart Rate
Ion concentration failed to exert any appreciable effects on resting heart rate during any stage of the experiment. Thus, there was no evidence from this measure that negative ions affected subjects' level of arousal.
Discussion
The results of Study 2 both confirm and extend the findings of Study 1. As in the initial experiment, negative ions exerted significant effects on subjects' performance. Women copied a greater number of letters in both the moderate and high ions conditions than in the low ions condition, whereas men copied more letters in the high ions condition than in the either the low or moderate ions conditions. Similarly, men made more errors in the high ions than in the moderate or low ions conditions. 1 Finally, male subjects' initial preferences for cautious choices in a decision-making task were enhanced by moderate concentrations of negative ions. Because the tasks used in Study 2 were specifically chosen to differ from those used in Study 1 in terms of complexity, these findings extend the initial results in both directions along this dimension.
Although the findings of Study 2 were generally consistent with those of the initial investigation, they also differed in certain respects. First, significant effects were obtained for women as well as for men on the letter copying task. This suggests that at least with respect to such simple tasks, negative ions can appreciably affect the cognitive performance of both sexes. Second, the relationship between ion concentration and task performance appeared to be linear rather than curvilinear with respect to the letter copying task. Output on this task rose for both sexes as ion level increased; there was no indication of a leveling off or actual down-turn at high ion concentrations, as was observed in Study 1. It appears, therefore, that for relatively simple tasks, increasing concentrations of negative ions may indeed exert beneficial effects on performance. (It should be noted, however, that consistent with the findings of Study 1, there was some suggestion of a curvilinear relationship between ion level and performance on the decision-making task. As may be recalled, male subjects indicated a stronger preference for initially preferred cautious choices in the moderate than high ions condition.)
General Discussion
Together, the findings of these two studies offer support for the suggestion that negative ions can affect performance on several different cognitive tasks. In Study 1, ion level affected performance on a proofreading task as well as memory span for single digits. In Study 2, this factor significantly influenced performance on a letter copying task, and on at least one aspect of decision making. Thus, it appears that negative ions can affect performance on tasks involving several different aspects of cognitive functioning.
It should be noted, however, that with the exception of the letter copying task, the above effects were generally stronger for men than for women, a finding consistent with the results of several previous studies (e.g., Charry & Hawkinshire, 1981) .
Full comprehension of the mechanisms responsible for this apparent sex difference are beyond the scope of this exploratory research. However, one possible explanation may be briefly mentioned.
A substantial body of literature suggests that women are better buffered physiologically than are men, and so can adapt to a wide range of environmental stressors more effectively (cf. Hoyenga & Hoyenga, 1979) . Because high levels of air ions can sometimes induce pronounced negative shifts i n mood and may act as a form of stress under some conditions (Muecher & Ungeheuer, 1961) , it is not surprising that women were affected to a smaller degree than were men by this environmental factor in the present research. This reasoning further suggests that women, too, may be affected by negative ions, but that such effects will often be visible only at somewhat higher concentrations of such particles, or longer exposure to them, than is the case for men. This possibility can be readily examined in further research through the use of higher ion levels and longer periods of exposure than those used here. Another aspect of the present findings deserving of some attention is the possibility, suggested by several dependent measures, that the relationship between ion level and task performance is curvilinear in nature. Such a pattern was observed among men, for the proofreading, memory-span, and decisionmaking tasks. However, it failed to appear for either men or women with respect to letter copying-Given the exploratory nature of the present research, these findings should be interpreted with caution. However, the fact that the relationship between ion level and performance appeared to be curvilinear for relatively complex tasks but linear for a simpler one suggests a mechanism that may underlie the impact of negative ions on cognitive performance.
Briefly, it seems possible that rising concentrations of such particles generate increments in arousal. Because task performance often increases with arousal up to a point but then decreases as arousal continues to rise (Berlyne, 1967) , this proposed mechanism would account for the curvlinear relation previously described. Further, because the inflection point on the arousal-performance function depends, in part, on task complexity, an interpretation in terms of arousal would also explain the absence of a down-turn for the letter copying task. Because this task is quite simple in scope, reductions in performance would be expected to occur only at high levels of arousal-perhaps ones above those generated in the present research.
Although an interpretation based on arousal appears to be consistent with several of the findings of the present research, it is not supported by the data for resting heart rate. Ion concentration failed to exert any significant effects on this measure. Of course, it is possible that heart rate was simply insensitive to ion-generated increments in arousal in the present context, and that some other measure of arousal would have yielded positive results. In the absence of direct evidence on this issue, however, an interpretation based upon the potential arousing properties of negative ions must be viewed as only speculative in nature. Further research is necessary before the mechanism responsible for the effects on task performance observed in the present research can be identified.
Regardless of the nature of this underlying mechanism, however, the findings of these exploratory studies have important practical implications. These appear to fall under two major categories. First, as noted earlier, devices for the generation of negative ions are commercially manufactured and actively marketed by several companies. Advertising for such devices often asserts that negative ions exert uniformly beneficial effects on persons exposed to them (e.g., increments in mental alertness and efficiency). The present findings cast serious doubt on such claims. Although high levels of negative ions enhanced performance on a simple copying task, they failed to improve accuracy in proofreading and memory span for single digits; in these latter tasks, the higher concentration of negative ions produced performance that was slightly poorer than that in the baseline (low ions) condition. Further, such environmental conditions strengthened the tendency of male subjects to select initially preferred alternatives in a decision-making task-a shift that can be viewed as inimical to flexibility. Given that large numbers of ion generators are sold each year, these findings are of considerable interest.
Second, the present findings underscore the importance of measuring, and perhaps adjusting, ion concentrations in certain industrial settings. Previous research (cf. Soyka, 1977) suggests that several industrial processes, some types of electronic equipment, high voltage power lines, and even modern heating and air conditioning systems can all affect the number and relative concentration of ions present in a given locale. As a result, many employees are exposed to ion levels at work that differ sharply from those existing outdoors, at home, or elsewhere. The present study, and several previous experiments, indicate that short-term exposure to such conditions can produce measurable shifts in mood, task performance, and various forms of social behavior (cf. Baron et al., 1985; Charry & Hawkinshire, 1981) . Given this fact, it seems possible that more prolonged exposure to these circumstances may yield effects of considerable practical importance. Systematic investigation of this possibility seems warranted.
To conclude: The present research serves to extend previous findings by indicating that atmospheric electricity (in the form of negative air ions) can affect performance on several cognitive tasks, as well as current moods (Baron et al., 1985) , physiological reactions (Charry & Hawkinshire, 1981) , and various aspects of social behavior (Baron etal., 1985) . In contrast to statements in the popular press and in advertisements for commercially produced ion generators, however, such effects appear to be quite complex in scope, and far from uniformly beneficial in nature.
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